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***Statement of the problem:

Due to the quantum nature of the electron transport in nanoscale devices, quantum transport models including Wigner 

equations and Non-equiblibrium Green's functions are required to compute the current in those devices. Our main goal is to 

develop accurate and efficient numerical algorithms to compute these quantum transport models.

***Summary of Results:

We have made scientific progress in the following three areas of accomplishments:

In paper [1] on Conservative Adaptive Cell-Average Spectral Element Method for Time Dependent Wigner Equations. We 

designed and tested a new conservative adaptive spectral element method using cell-average formulation for the time 

dependent Wigner equations for non-equilibrium transport. The main challenge in this approach is the cost associated with the 

high dimensional problem in phase space variables (6 for 3-D device in addition to the time variable). To reduce this cost, we 

propose a Cell-Average representation of the Wigner distribution function f(x; k; t) in the k-space, which allows exact 

enforcement of conservation of electron mass and adaptive meshing in the phase space using domain decomposition 

technique.

In paper [2] on effect of treatment of quantum device boundary on the transport current:  A nano-scale Double gate MOSFET is 

investigated with both nonequilibrium Green's function (NEGF) and Wigner distribution methods,each with different treatment of 

the device boundaries. The NEGF handles the device-contact condition through a self energy term while the Wigner distribution 

function method employs inflow flux conditions using the Fermi-Dirac electron distribution inside the contact. Numerical results 

have shown higher transport current at a given gate voltage with the Wigner distribution approach. As the current-voltage (I-V 

curve) characteristic is the key measurement of a quantum device, correct current simulation will be important in

quantum device modeling.

In paper [3] on Accuracy of Frensley inflow boundary conditions: Continuing the studies in [2] above, We carefully investigate 

the accuracy of the Frensley inflow boundary

condition of the Wigner equation in computing the I-V characteristics of a Resonant Tunneling Diode (RTD). We found that the 

Frensley inflow boundary condition for incoming electrons holds only exactly infinite away from the active device region and its 

accuracy depends on the length of contacts included in the simulation. For this study, the non-equilibrium Green's function

(NEGF) with a Dirichlet to Neumann mapping boundary condition is used for comparison. The I-V characteristics of the RTD 

are found to agree between self-consistent NEGF and Wigner methods at low biaspotentials only with sufficiently large GaAs 

contact lengths. 
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